This work presents comparative analyses of the effect of specimens' shape and size on the compressive strength and modulus of elasticity of mortars. Mortar mixtures with compressive strength between 5 and 20 MPa were produced. Experimental tests determined the compressive strength of cylinder specimens of (5 x 10) cm and (10 x 20) cm, and also cubic specimens resulted of mortar's flexural strength tests, which use (4 x 4 x 16) cm prisms. The modulus of elasticity of the cylinder specimens was also determined. Cubic specimens' compressive strength was higher than (10 x 20) cm cylinder's compressive strength and lower than (5 x 10) cm cylinder's compressive strength. The dimensions of the cylinder specimens influenced its compressive strength, which was higher for the (5 x 10) cm specimens. However, it did not affect the static modulus of elasticity of the material. Correlations between the results were established and comparisons with different authors' results were made, improving both technological control and characterization of cement-lime mortars.
Introduction
Cement-lime mortar is a mixture of sand, water, cement, and lime, used mainly for binding blocks or stones together, plastering, pointing, or acting as a refractory, anticorrosive or waterproofing material. The determination of the compressive strength and the modulus of elasticity of mixed lime and cement mortars in the hardened state is essential to better know the mechanical behavior of this material when used as a constructive element. Different shapes and sizes of specimens can be used to determine these properties.
To obtain the compressive strength of mortar, the Brazilian standard prescribes the use of the broken halves of (4 x 4 x 16) cm prismatic specimens, obtained from the flexural test, according to ABNT NBR 13279:2005 -Mortars applied on walls and ceilings -Determination of the flexural and the compressive strength in the hardened stage 1 . Prism halves are also indicated in the European standard EN 1015 -Test Methods for Masonry Mortar -Part 11: Determination of bending and compression strength of hardened mortar 2 .
On the other hand, the American standard describes the use of 5.08 cm cubic specimens to determine the mortar's compressive strength in the laboratory, as prescribed by ASTM C109: Standard test method for the compressive strength of cement mortars Hydraulics
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. American standards also provide instructions to obtain properties of structural masonry's mortar by simulating construction site situations. In this case, cylinder specimens of (5.08 x 10.16 cm), (7.62 x 15.24) cm shall be used, as prescribed by ASTM C780: Standard Test Method for Preconstruction and Construction Evaluation of Mortars for Masonry and Reinforced Masonry 4 . The Brazilian standard does not present specific procedures to determine the mortar's static modulus of elasticity by compression. For this purpose, researchers use to adjust the methodology described by ABNT NBR 8522: 2008 -Concrete -Determination of the elastic modulus of elasticity under compression 5 . In this adaptation, cylindrical specimens of (5 x 10) cm are used and the modulus of elasticity is calculated based on the slope of the secant straight line between the points of compressive strength of 0.5 MPa and 30% of the material's actual ultimate strength. Dynamic tests based on wave propagation principles can also be used. These tests determine the initial tangential modulus of elasticity of the material, as described by ABNT NBR 15630: 2008 -Mortar for laying and coating of walls and ceilings -Mortars applied on walls and ceilings -Determination of the elasticity modulus by the ultrasonic wave propagation 6 . A huge range of shapes and sizes of specimens can be used in the mortar's characterization. Consequently, experimental studies have been developed for years, focusing on the evaluation of the influence of the specimens' geometry on the obtained mortar properties. compressive strength obtained with 5.08 cm cubic specimens and (7.62 x 15.24 cm) cylindrical specimens. They also considered different production procedures and types of cure. For mortars produced in the laboratory and subjected to wet curing, the cylindrical specimens showed compressive strength around 80.9% of the compressive strength of the cubic specimens. For mortars produced at the construction site and subjected to air-dry curing in the laboratory, the compressive strength of cylindrical specimens was around 116.3% of the compressive strength of the cubic specimens. Schmidt 8 concluded in his studies that cylindrical specimens of (7.5 x 15 cm) or (10 x 20) cm exhibited a compressive strength closer to the compressive strength of 5.0 cm cubic specimens than the compressive strength of (5 x 10) cm cylindrical specimens. The author obtained for the cylindrical specimens a compressive strength close to 93% of the compressive strength of cubic specimens.
Most recent technical literature also shows considerable scatter between the mortar's compressive strength obtained from specimens of varying sizes and shapes. According to ASTM C780 4 , the compressive strength of cylindrical specimens is close to 85% of the compressive strength of 5.08 cm cubic specimens. Studies developed by Parsekian et al. 9 obtained, for mortars with compressive strength in the range of 4 MPa to 12 MPa, ratios of 1.31 to 1.73 between the compressive strength of prism halves specimens and the compressive strength of (5x10) cm cylindrical specimens. Pinheiro 10 also studied mortars with compressive strength in the range of 4 to 12 MPa, and observed that cylindrical specimens presented a compressive strength of 22 to 46% lower than the compressive strength of prism halves specimens. However, the same author pointed out an inverse behavior for mortars with compressive strength greater than the mentioned range: cylindrical specimens had compressive strength of 1% to 26% greater than cubic specimens. Lima 11 also verified in his studies that cubic specimens sometimes had a lower compressive strength than cylindrical ones. At other times, their compressive strength was higher.
Materials and Methods
Five mortar compositions with estimated compressive strengths in the range of 5 to 20 MPa were defined. Mortar specimens were produced with the Brazilian Portland cement CP II E-32, produced by Tupi S.A.; hydrated lime CHIII Supercal, produced by Ical; and natural and quartzite sand from Porto Firme, Minas Gerais, Brazil. Cement, lime, and sand basic parameters were determined according to the Brazilian standards [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] and presented in Table 1 , 2, and 3, respectively.
Each mortar composition was produced in large volumes, in order to simulate site conditions, and used to bind structural masonry concrete blocks. At first, sand and lime were mechanically mixed with 90% of the total amount of water, during five minutes. A 120 L mortar mixer was used to mix the ingredients at a constant mixing speed of 30 rpm. After letting the mixture mature for approximately 24 hours, water losses were compensated, and cement and the remaining amount of water were added. A further mixture was made. Finally, the mortar's consistence index was determined according to ABNT NBR 13276:2016 - Mortars applied on walls and ceilings -Determination of the consistence index 24 . Table 4 shows the different mortar compositions and some environmental conditions measured during their production. It also presents their consistence indexes, which are close to the recommended range for structural masonry's mortar: (230 ± 10) mm.
For each mortar composition, the most used specimens' shape and sizes were produced:
• six (4 x 4 x 16) cm prismatic specimens. The mold was filled in two layers. After placing each layer, the mold was placed on the flow table, which dropped 30 times within a period of 30 seconds.
• four (5 x 10) cm cylindrical specimens. The mold was filled in four layers. For consolidation, the rod penetrated through each layer 30 times.
• four (10 x 20) cm cylindrical specimens. A 10 seconds vibration time was applied to consolidate the mortar in the molds. All of the specimens were subjected to a similar curing process, in a moist room at a temperature of (23 ± 2)ºC and relative humidity of 95%. Initially, they were left inside their molds during two days. After that, they were demolded and allowed to cure in air during 26 days. After this period of time, the following tests were performed:
A) Flexural strength test: in order to determine the indirect tensile strength of the mortar, load was applied to the (4 x 4 x 16) cm prism specimens as shown in Figure 1 Tables 5, 6 , and 7 present the results of the mechanical characterization tests of the different kinds of mortars specimens. The reduction in the compressive strength with the increase of the water/cement ratio was slightly different for each kind of specimen. Experimental results allowed the construction of curves and equations that represent a good correlation between mortar's compressive strength and water/ cement ratio. Figure 3 shows these curves, equations, and their corresponding coefficient of determination R² for the different types of specimens tested. The experimental data strongly fit the defined curves, so the correlation coefficient was very close to 1.0 in all of the cases.
Results and Discussion
Experimental results show that for any kind of mortar composition, the compressive strength of (5 x 10) cm cylindrical specimens exceeded the compressive strength of (10 x 20) cm cylindrical specimens. For high strength mortars, the compressive strengths of cubic and (10 x 20) cm cylindrical specimens were pretty close, as also observed by Schmidt 8 . However, for weaker mortars, the cylindrical specimens showed compressive strength closer to the compressive strength obtained for the cubic ones.
On the other hand, the relationship between the compressive strength of (5 x 10) cm cylindrical and cubic specimens was very similar to the behavior found by Matthys and Singh 7 , for mortars produced at the construction site and subjected to air-dry curing in the laboratory, which was the same process developed in the experimental program performed in this research. In this case, cylindrical specimens presented a compressive strength greater than the cubic ones. Figure 4 presents correlations between the compressive strengths obtained for different shapes and sizes of specimen. A simple linear regression proved to be effective in each established correlation. The obtained correlations coefficients are pretty close to 1.0, which shows a strong positive linear correlation between the parameters. Figure 5 presents correlations between the compressive strength and the static modulus of elasticity of the cylindrical specimens. It also shows a correlation between the modulus of elasticity determined for the two kinds of cylindrical specimens. A simple linear regression was the most adequate correlation, since the coefficients of determination are again very close to 1.0. Very similar curves were obtained for the different sizes of specimens. This behavior is in agreement with that observed by Brooks 25 : the size of the specimen does not affect its modulus of elasticity.
Conclusions
The compressive strength of cubic specimens was higher than the compressive strength of (10 x 20) cm cylindrical specimens and lower than the compressive strength of (5 x 10) cm cylindrical ones. The dimensions of the cylindrical specimens greatly influenced their compressive strength, which was larger for those of dimensions (5 x 10) cm, but did not affect the static modulus of elasticity of the material. Based on the large discrepancy of results available in the literature regarding this subject, the present work contributed to the optimization of the technological control of mixed cement-lime mortars, when analyzing the effect of different shapes and sizes of specimens in the determination of mortar's compressive strength and modulus of elasticity, establishing correlations between the results, and comparing them with those obtained by different authors.
